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6WXGLHV RQGLIIHUHQW FHOO FDUULHU V\VWHPVRI HOHFWURVSXQSRO\PHUV KDYH DOUHDG\ VKRZQ WKDW WKH JURZWK DQG
SUROLIHUDWLRQRIVHWWOHGFHOOVDUHFRQWUROOHGE\GLUHFWPRGLILFDWLRQRI WKHVXUIDFHRI WKHVXSSRUW V\VWHP/LPHWDO
7KH VXUIDFH VWUXFWXUH DQG FKHPLVWU\ RI WKHVH WLVVXH UHSODFHPHQW V\VWHPVKDYH VLJQLILFDQW LQIOXHQFHRQ WKH
DGKHVLRQGHYHORSPHQWDQGIXQFWLRQDOLW\RIFHOOV/LPHWDO
/DVHUV\VWHPVZLWKXOWUDVKRUWSXOVHVFDQEHXVHGIRUPRGLILFDWLRQDQGSURFHVVLQJRIHOHFWURVSXQPDWV&KRLHWDO
+HHWDO/HHHWDO-HQQHVVHWDO.LPHWDO$GRPDYLþLǌWơHWDO,QFRQWUDVWWR
ODVHUPDFKLQLQJZLWK SXOVH GXUDWLRQV LQ WKH QDQRVHFRQG UDQJHXOWUDIDVW SURFHVVLQJZLWK IHPWRVHFRQGODVHU SXOVHV
RIWHQ WDNHVSODFHZLWKRXWVXEVWDQWLDOKHDW WUDQVIHU WR WKHVXUURXQGLQJPDWHULDO :XHWDO7RGD\XOWUDYLROHW
XYSLFRVHFRQGSV ODVHUVDUHUHOLDEOHDQGFRPSDUDEO\FRPSDFWV\VWHPVIRU LQGXVWULDOPLFURPDWHULDOSURFHVVLQJ
6R LQ WKLV ZRUN WKH XVH RI XYODVHU SXOVHV ZLWK SXOVH GXUDWLRQV RI VHYHUDO SV ZKHUH LQYHVWLJDWHG DV DQ SRVVLEOH
DOWHUQDWLYHIRUIHPWRVHFRQGIVODVHUSXOVHVIRUSURFHVVLQJRISRO\DPLGHEXONPDWHULDODQGQDQRILEHUWLVVXHV7R
VHOHFWLYHO\PRGLI\WKHVXUIDFHVRIWKHQDQRILEHUWLVVXHVIRUWKHFRQWURORIFHOOJURZWKDFFXUDWHNQRZOHGJHRIDEODWLRQ
WKUHVKROGVDQGODVHUJHQHUDWHGFKDQJHVLQ WKHWRSRJUDSK\RI WKHPDWHULDOVXVHGLVQHFHVVDU\%DXGDFKHWDO
*HGYLODVDQG5DFLXNDLWLV
0DWHULDOVDQG0HWKRGV
2.1. Electrospun polyamide nanofiber scaffolds 
3RO\DPLGH6LJPD$DOGULFKZDVGLVVROYHGLQDEOHQGRIDFHWLFDFLG&DUO5RWKDQGIRUPLFDFLG
&DUO5RWKWRDFRQFHQWUDWLRQRIZY7KHFRPPHUFLDOHOHFWURVSLQQLQJGHYLFH³1DQRVSLGHU´(OPDUFRZDV
XVHGIRUWKHHOHFWURVSLQQLQJSURFHVV7KHSURFHVVZDVFDUULHGRXWDWN9ZLWKDZRUNLQJGLVWDQFHRIWKHHOHFWURGHV
DWPP7KHWHPSHUDWXUHZDVNHSWDW&DQGWKHUHODWLYHKXPLGLW\ZDVDERXW
2.2. Picosecond laser ablation 
7KH H[SHULPHQWDO VHWXS ZDV EDVHG RQ D 1G<$* ODVHU V\VWHP &RKHUHQW 7DOLVNHU  ZLWK WKH IROORZLQJ
SDUDPHWHUVZDYHOHQJWKȜ QPSXOVHGXUDWLRQĲS SVUHSHWLWLRQUDWHI5HSXSWRN+]PD[LPXPRXWSXW
SXOVHHQHUJ\4 ȝ-DQGDEHDPTXDOLW\IDFWRU07KHODVHUUDGLDWLRQZDVIRFXVHGRQWRWKHVXUIDFHRIWKH
VDPSOHE\DQIWKHWDOHQVZLWKDIRFDOOHQJWKRIPPJLYLQJDVSRWGLDPHWHURIȝP7KHVSRWGLDPHWHUZDV
GHWHULPLQHG LQSUHYLRXVH[SHULPHQWVZLWKGLIIHUHQWEXONPDWHULDOVXVLQJ WKH'ðPRGHOGHVFULEHG LQFKDSWHU$
JDOYRVFDQQLQJV\VWHP1XWILHOG5D]RU+HDGJXLGHGWKHODVHUEHDPDFURVVWKHVDPSOHDQGZDVFRQWUROOHGE\WKH
VRIWZDUH6$0/LJKW,QDGGLWLRQWKHVDPSOHFRXOGEHPRYHGXVLQJDFRPSXWHUFRQWUROOHG[\]VWDJH
2.3. Microscopy 
7KH SURFHVVHG VDPSOHV ZHUH HYDOXDWHG ZLWK YDULRXV PLFURVFRSLF WHFKQLTXHV 6FDQQLQJ HOHFWURQ PLFURVFRSH
6(0LPDJHVZHUHWDNHQZLWKD3KHQRP/277KHVDPSOHVZHUHFRDWHGZLWKWKLQOD\HUVRIFDUERQRUSODWLQXP
)RURSWLFDOPLFURVFRS\DQ2O\PSXVPLFURVFRSH%;ZLWKDFDPHUD6&ZDVXVHG
2.4. Contact angle / Wettability 
7RTXDQWLI\WKHVXUIDFHZHWWDELOLW\ WKHZDWHUFRQWDFWDQJOHRIVHVVLOHGURSVZDVPHDVXUHGDWURRPWHPSHUDWXUH
DQGXQGHUDPELHQWDLUFRQGLWLRQVXVLQJDGURSVKDSHDQDO\]HU'6$(.UVV6HVVLOHGURSVZHUHFRPSULVHGRI
OGHLRQL]HGZDWHUDQGZHUH UHOHDVHGRQWR WKH VXEVWUDWH VXUIDFH WKURXJKD POPPGLDPHWHU V\ULQJHDQG
REVHUYHGE\DFDPHUD
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5HVXOWVDQG'LVFXVVLRQ
3.1. Ablation threshold 
7RGHWHUPLQHWKHDEODWLRQWKUHVKROG)WKRIWKHSRO\DPLGHQDQRILEHUVDQGRIWKHEXONPDWHULDOWKHVDPSOHVXUIDFH
ZDVSURFHVVHGZLWKGLIIHUHQWQXPEHUVRIODVHUSXOVHVIRFXVHGRQRQHSRLQWRIWKHVDPSOH7RHYDOXDWHWKHUHVXOWVWKH
'ðPRGHOE\/LXZDVXVHGZKLFKSUHGLFWVDFRUUHODWLRQEHWZHHQWKHVTXDUHRIWKHPHDVXUHGDEODWLRQVSRW'
DQGWKHODVHUIOXHQFH)(T
ܦଶ ൌ ʹݓ଴;  ቀ
ிబ
ி೟೓
ቁ          
:LWKWKHSXOVHHQHUJ\4DQGWKHIRFDOUDGLXVZRIWKH*DXVVLDQODVHUEHDPRQWKHVDPSOHVXUIDFHWKHDYHUDJH
ODVHUIOXHQFH)ZDVFDOFXODWHGDFFRUGLQJWR(T
ܨ଴ ൌ
ொ
గ௪బ;
           
7KH WKUHVKROG IOXHQFH)WK UHVXOWV IURP WKH OLQHDU FRUUHODWLRQ RI'ð DQG OQ ) (T ZKHUH Q LV WKH'ðD[LV
LQWHUFHSW
ܨ௧௛ ൌ
௘
൬ష ೙మೢబ;
൰
గ௪బ;
           
7KHPRGHO SURYLGHV UHDOLVWLF WKUHVKROG IOXHQFHV IRU VLQJOH SXOVH DEODWLRQ %HQ<DNDU DQG%\HU 7\SLFDO
VLQJOH SXOVH DEODWLRQ VSRWV RI WKH QDQRILEHU WLVVXH DUH VKRZQ LQ )LJ  ,W LV HYLGHQW WKDW WKH DEODWLRQ VSRW VL]H
GHFUHDVHVZLWKWKHIOXHQFH7KHWKUHVKROGIOXHQFHRISRO\DPLGHQDQRILEHUVDWVLQJOHSXOVHDEODWLRQZDVGHULYHGIURP
WKH GDWD VKRZQ LQ )LJD )URP FRUUHVSRQGLQJ PHDVXUHPHQWV ZLWK  DQG  SXOVHV WKH PXOWL SXOVH DEODWLRQ
WKUHVKROGVZHUHGHWHUPLQHG:LWKLQFUHDVLQJQXPEHURISXOVHVWKHDEODWLRQWKUHVKROGGHFUHDVHV)WK -FPðDW
SXOVH)WK -FPðDWSXOVHVDQG)WK -FPðDWSXOVHV7KLVEHKDYLRULVGXHWRDQLQFXEDWLRQ
HIIHFWZKLFKKDVDOUHDG\EHHQGHPRQVWUDWHGLQVHYHUDOVWXGLHVIRURWKHUPDWHULDOV%DXGDFKHWDO%HQ<DNDU
DQG %\HU  $FFRUGLQJ WR %RQVH HW DO  WKH PDWHULDOGHSHQGHQW FRHIILFLHQW ȟ (T  GHVFULEHV WKH
UHODWLRQVKLSEHWZHHQVLQJOHSXOVHDEODWLRQWKUHVKROGDQGPXOWL1SXOVHDEODWLRQWKUHVKROG
ܨ௧௛ሺܰሻ ൌ ܨ௧௛ሺܰ ൌ ͳሻܰకିଵ         
)RUPDWHULDOVZLWKȟ QR LQFXEDWLRQFRXOGEHREVHUYHG7KHFRHIILFLHQW ȟZDVFDOFXODWHG IRU WKHSRO\DPLGH
QDQRILEHUDEODWLRQ)LJEZLWKȟ DQGLQGLFDWHVDVPDOOLQFXEDWLRQHIIHFW7KLVLVVLPLODUWR3RO\FDUERQDWHȟ
 %DXGDFKHWDODQGOHVVWKDQIRUSRO\DPLGHEXONPDWHULDOȟ 


)LJ6(0PLFURJUDSKVRIVLQJOHSXOVHDEODWLRQRISRO\DPLGHQDQRILEHUWLVVXHVZLWKGLIIHUHQWODVHUIOXHQFHV
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

)LJD6LQJOHSXOVHDEODWLRQWKUHVKROGPHDVXUHPHQWVRISRO\DPLGHQDQRILEHUV'ðRIWKHDEODWHGDUHDVLVSORWWHGDVDIXQFWLRQRIWKHODVHU
IOXHQFH7KHH[WUDSRODWLRQRIWKHOLQHDUILWVWR]HURSURYLGHVWKHDEODWLRQWKUHVKROG)WK7KHUHGYDOXHVLQGLFDWHWKHEHJLQQLQJRIWKHUPDODEODWLRQ
E6LQJOHSXOVHDQGPXOWLSXOVHDEODWLRQWKUHVKROGRISRO\DPLGHQDQRILEHUV7KHILWLQGLFDWHVWKHLQFXEDWLRQFRHIILFLHQWȟ
7KHDEODWLRQWKUHVKROGVIRUSRO\DPLGHEXONPDWHULDOZHUHDOVRGHWHUPLQHGDQGFRPSDUHGZLWKWKHQDQRILEHU
GDWD )LJ D 7KH UHVXOWV IRU  SXOVHV DUH VKRZQ LQ )LJ E )RU VLQJOH SXOVHV )LJ D LW ZDV IRXQG WKDW WKH
DEODWLRQWKUHVKROGLVDERXW-FPðIRUEXON3$DQGPXFKKLJKHUWKDQWKHUHVSHFWLYHWKUHVKROGRI-FPðIRU
WKH3$QDQRILEHUWLVVXH)RUWHQSXOVHVWKHEXONDEODWLRQWKUHVKROGLVDERXW-FPð
)RUWHQSXOVHDEODWLRQRIWKH3$QDQRILEHUWLVVXH)LJEWZRGLIIHUHQWUHJLPHVDUHREVHUYHG$ERYHDIOXHQFH
)WKWRIDERXW-FPðWKHUPDOHIIHFWVGHJUDGHWKHTXDOLW\RIWKHODVHUJHQHUDWHGVWUXFWXUHV$SDUWRIWKHDEVRUEHG
ODVHUHQHUJ\LVQRWXVHGIRUGLUHFWDEODWLRQDQGOHDGVWRDWHPSHUDWXUHLQFUHDVHDQGPHOWLQJHIIHFWVDURXQGWKHODVHU
VSRW(QJHOKDUGWHWDO
7KHREVHUYDWLRQWKDWWKHEXONDEODWLRQWKUHVKROGVDUHKLJKHUWKDQIRUWKHILEHUWLVVXHLVSUREDEO\GXHWRWKHIDFW
WKDWWKHLQWHUDFWLRQEHWZHHQWKHODVHUDQGWKHPDWHULDOLVPRUHHIILFLHQWLQWKHQDQRILEHUQHWZRUNWKDQRQWKHIODWEXON
VXUIDFH 6FDWWHUHG SKRWRQV FDQ EH DEVRUEHG E\ QHLJKERULQJ ILEHUV DQG FDXVH GLUHFW DEODWLRQ RU LQFXEDWLRQ ,Q
WUDQVPLVVLRQ VSHFWURVFRSLF H[SHULPHQWV LW ZDV IRXQG WKDW WKH H[WLQFWLRQ RI  QP OLJKW LV KLJKHU LQ WKH ILEHU
PDWHULDOWKDQLQWKHEXON


)LJ5HVXOWVRIWKHDEODWLRQWKUHVKROGGHWHUPLQDWLRQRIDVLQJOHSXOVHDEODWLRQRISRO\DPLGHQDQRILEHUVDQGSRO\DPLGHEXONPDWHULDODQGE
DEODWLRQRISRO\DPLGHQDQRILEHUVZLWKSXOVHV7KHUHGYDOXHVLQGLFDWHWKHUDQJHRIWKHUPDODEODWLRQ
3.2. Ablation under wet and immersed condition 
)RU VSHFLDO PHGLFDO DSSOLFDWLRQV LW LV QHFHVVDU\ WR SURFHVV WKH QDQRILEHU WLVVXHV XQGHU OLTXLGV RU XQGHU ZHW
FRQGLWLRQV,QILUVWVWXGLHVSRO\DPLGHQDQRILEHUVDPSOHVZHUHSODFHGLQGHLRQL]HGZDWHUIRUPLQWKHQWDNHQRXW
RIWKHZDWHUDQGSURFHVVHGZLWKGLIIHUHQWQXPEHUVRISXOVHVDQGODVHUHQHUJLHVDWDSXOVHUHSHWLWLRQUDWHRIN+]
3URFHVVLQJRIWKHQDQRILEHUVLQLPPHUVHGVWDWHZDVFDUULHGRXWXQGHUDGHILQHGVWHDG\VWDWHZDWHUOHYHO
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7KHUHVXOWVIRUVLQJOHSXOVHDEODWLRQLQGU\DQGZHWVWDWHDUHVKRZQLQ)LJ7KHDEODWLRQWKUHVKROG)WKRIWKHZHW
VDPSOHLVDERXW-FPðDQGKLJKHUWKDQLQWKHGU\VWDWH:DWHUDEVRUSWLRQDQGVZHOOLQJRIWKHILEHUVKDYHWREH
WDNHQLQWRDFFRXQW

)LJ6LQJOHSXOVHDEODWLRQWKUHVKROGPHDVXUHPHQWVRISRO\DPLGHQDQRILEHUVXQGHUGU\DQGZHWFRQGLWLRQ
7KH DEODWLRQ WKUHVKROG RI SRO\DPLGH QDQRILEHUV XQGHU LPPHUVHG FRQGLWLRQ FRXOG RQO\ EH QDUURZHG
SKHQRPHQRORJLFDOO\)RU WKLVVTXDUHVZLWKDQHGJH OHQJWKRIPZHUHFUHDWHGE\ WKH ODVHUZLWKYDU\LQJSXOVH
HQHUJ\LQWKHUDQJHRIFDOFXODWHGODVHUIRFXVSRVLWLRQ'XHWRWKHZDWHUFROXPQDERYHWKHVDPSOHWKHIRFDOSRVLWLRQ
RI WKH ODVHU FKDQJHV DQG FRPSOLFDWHV WKH DFFXUDWHGHWHUPLQDWLRQRI WKH VLQJOHSXOVHGLDPHWHU7KH FRQWRXUVZHUH
JHQHUDWHGE\DERXWSXOVHVDWHDFKSRVLWLRQ7KHWKUHVKROGIOXHQFHFRXOGEHOLPLWHGWRDUDQJHIURPDERYH
-FPðQRDEODWLRQWREHORZ-FPð
3.3. Characterization of the ablated areas 
3.3.1. Ablation spot size 
7KHLQYHVWLJDWLRQVRIWKHSRO\DPLGHQDQRILEHUWLVVXHVDQGWKHEXONPDWHULDORISRO\DPLGHKDYHVKRZQFOHDU
GLIIHUHQFHVLQWKHGLDPHWHURIWKHODVHUDEODWHGVSRW)LJGHSHQGLQJRQWKHQXPEHURISXOVHVDQGSXOVHHQHUJ\
XVHG



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 
)LJ'LIIHUHQFHVLQWKHPHDVXUHGGLDPHWHUVLQSRO\DPLGHQDQRILEHUVDQGSRO\DPLGHEXONPDWHULDOIURPDVLQJOHSXOVHDEODWLRQESXOVHV
DQGFSXOVHVG6(0PLFURJUDSKVRIDEODWHGDUHDRQSRO\DPLGHEXONPDWHULDODQGSRO\DPLGHQDQRILEHUV$WKLJKSXOVHFRXQWVWKH
PHDVXUHGGLDPHWHUVDUHFRQVLGHUDEO\ODUJHUWKDQIRUWKHEXONPDWHULDO
:KLOHWKHDEODWHGDUHDVRIEXONPDWHULDODUHLQWKHUDQJHRIWKHIRFDOGLDPHWHURIWKH*DXVVLDQEHDPWKHGLDPHWHU
RIQDQRILEHU DEODWLRQVSRWV DUH VLJQLILFDQWO\JUHDWHU )LJ ,Q)LJ WKH VSRW VL]HVRIEXONDQGQDQRILEHU WLVVXH
DEODWLRQDUHFRPSDUHGZLWKWKH*DXVVLDQEHDPSURILOHRIWKHODVHU)RUEXON3$QRDEODWLRQLVREVHUYHGIRUVXUIDFH
UHJLRQVZKHUHWKHIOXHQFHRIWKHXQGLVWXUEHG*DXVVLDQEHDPLVEHORZWKHDEODWLRQWKUHVKROG)RUWKHQDQRILEHUWLVVXH
DEODWLRQLVDOVRREVHUYHGLQVXUIDFHDUHDVZKHUHWKHIOXHQFHRIWKHXQGLVWXUEHGEHDPLVVPDOOHUWKDQWKHUHVSHFWLYH
WKUHVKROG/LJKWVFDWWHULQJLQWKHILEHUVDPSOHLVDSRVVLEOHUHDVRQIRUVLJQLILFDQWO\JUHDWHUGLDPHWHUVDWWKHQDQRILEHU
DEODWLRQ,WLVDOVRSRVVLEOHWKDWRSWLFDOUDGLDWLRQIURPWKHODVHUJHQHUDWHGSODVPDOHDGVWRDVWURQJHULQFUHDVHRIWKH
DIIHFWHGVXUIDFH$GRPDYLþLǌWơHWDOLQWKHILEHUVDPSOHVWKDQLQWKHEXONVDPSOHV+RZHYHURWKHUPDWHULDOV
DQG ORQJHU ODVHU ZDYHOHQJWKV ZHUH XVHG LQ WKHVH VWXGLHV RI $GRPDYLþLǌWơ HW DO  7KH WKLFNQHVV RI WKH
SRO\DPLGHQDQRILEHUVLVLQWKHVDPHRUGHURIPDJQLWXGHDVWKHZDYHOHQJWKRIQPVRWKDW0LHOLNHVFDWWHULQJKDV
WREHFRQVLGHUHG'LIIHUHQFHVLQWKHHIIHFWLYHGHQVLW\DQGWKHUHIRUHLQWKHWKHUPDOFDSDFLW\DQGWKHUPDOFRQGXFWLYLW\
EHWZHHQWKHEXONDQGWKHILEHUPDWHULDOZLOOLQIOXHQFHWKHH[WHQVLRQRIWKHODVHUDIIHFWHGDUHDDQGWKHKHDWDIIHFWHG
]RQH

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 
)LJ6(0PLFURJUDSKVRISRO\DPLGHVDPSOHVDIWHUODVHUDEODWLRQDSRO\DPLGHEXONPDWHULDOVLQJOHSXOVH) -FPðESRO\DPLGH
QDQRILEHUWLVVXHVLQJOHSXOVH) -FPð
3.3.2. Heat affected zone 
,Q RUGHU WR RSWLPL]H FXWWLQJ DQG VWUXFWXULQJ RI QDQRILEHU WLVVXH VFDIIROGV WKH LQIOXHQFH RI GLIIHUHQW ODVHU
SDUDPHWHUVRQOLQHZLGWKVHGJHTXDOLW\KHDWDIIHFWHG]RQH+$=DQGWKHSROOXWLRQRIWKHILEHUVE\DEODWHGSDUWLFOHV
GHEULVZDVH[DPLQHG)RUWKHILUVWLQYHVWLJDWLRQRIWKHKHDWDIIHFWHG]RQHVKROHVZLWKSXOVHVDQGVTXDUHVZLWK
DQHGJH OHQJWKRIPZHUHFUHDWHGRQ WKHQDQRILEHUVVDPSOHV7KH ODVHU IOXHQFHZDVYDULHG7KHH[SHULPHQWV
KDYH VKRZQ WKDW WKHHGJHTXDOLW\ LVJRRG2QO\ VPDOO+$=ZLWKH[WHQVLRQVEHORZDERXWPDURXQG WKHKROHV
DSSHDU)RUVPDOOHUIOXHQFHVWKH+$=DSSHDUVWREHHYHQVPDOOHU)LJ$WKLJKIOXHQFHVVRPHGHEULVIRUPDWLRQ
ZDVREVHUYHG
,Q)LJDFOHDQODVHUFXWWKURXJKDILEHUVDPSOHREWDLQHGZLWKDODVHUIOXHQFHRI-FPðDVFDQVSHHGRI
PPVDQGDUHSHWLWLRQUDWHRIN+]LVVKRZQ


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
)LJ6(0PLFURJUDSKVRIHOHFWURVSXQSRO\DPLGHQDQRILEHUVDIWHUXYODVHUSURFHVVLQJZLWKGLIIHUHQWODVHUIOXHQFHV

)LJ6(0PLFURJUDSKRIHOHFWURVSXQSRO\DPLGHQDQRILEHUVDIWHUXYODVHUFXWWLQJZLWK-FPð
3.4. Wettability 
7R LQYHVWLJDWH WKH LQIOXHQFH RI ODVHU SURFHVVLQJ RQ WKH ZHWWLQJ EHKDYLRU RI SRO\DPLGH EXON PDWHULDO DQG
SRO\DPLGHQDQRILEHUWLVVXHVZKLFKFRXOGDIIHFWWKHFRORQL]DWLRQEHKDYLRURIFHOOV/LPHWDOVTXDUHDUHDVRI
[PPZHUHDEODWHG7KHDEODWLRQZDVFDUULHGRXWZLWKFURVVKDWFKVFDQSDWWHUQZLWKDOLQHVSDFLQJRIȝP
ZKLFKFRUUHVSRQGVWRWKHVSRWGLDPHWHURIWKHODVHUEHDPRQWKHVDPSOH7KHVFDQVSHHGZDVPPVZLWKRQO\D
VPDOORYHUODSRIWKHLQGLYLGXDOODVHUSXOVHVDORQJDOLQH)LJ7KHODVHUIOXHQFHZDVYDULHGEHWZHHQ-FPð
DQG  -FPð )RU HDFK VDPSOH WKH FRQWDFW DQJOHĬZDVPHDVXUHG IRU  VHFRQGVZLWK RQHPHDVXUHPHQW SHU
VHFRQG)RUUHIHUHQFHWKHFRQWDFWDQJOHVZHUHGHWHUPLQHGRQXQWUHDWHGVDPSOHV,Q)LJWKHUHVXOWVRIWKHFRQWDFW
DQJOH PHDVXUHPHQWV RI SRO\DPLGH EXON PDWHULDO DUH VKRZQ 7KH FRQWDFW DQJOHV RI WKH XQWUHDWHG VDPSOH ZDV
PHDVXUHGEHWZHHQDQG

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
)LJ6(0PLFURJUDSKRISRO\DPLGHEXONPDWHULDODIWHUXYODVHUSURFHVVLQJ
2QDSURFHVVHGVDPSOHZLWKDODVHUIOXHQFHRI-FPðDQGDVLJQLILFDQWO\KLJKHUVXUIDFHURXJKQHVVWKHFRQWDFW
DQJOH LV DERXW DQG WKXVRQO\ VOLJKWO\KLJKHU WKDQ LQ WKH UHIHUHQFH VDPSOHV:LWKGHFUHDVLQJ ODVHU IOXHQFH WKH
FRQWDFWDQJOHULVHVWRDERXWDW-FPð:LWKDODVHUIOXHQFHQHDUWKHDEODWLRQWKUHVKROGRI-FPðWKHFRQWDFW
DQJOHGHFUHDVHGWRDERXW$W-FPðZKLFKLVEHORZWKHGHWHUPLQHGDEODWLRQWKUHVKROGDFRQWDFWDQJOHRI
DERXWZDVPHDVXUHGZKLFKFRUUHVSRQGVWRWKHFRQWDFWDQJOHRQXQWUHDWHGUHIHUHQFHVDPSOHV


)LJ,PDJHVRIWKHFRQWDFWDQJOHPHDVXUHPHQWVRISRO\DPLGHEXONPDWHULDOSURFHVVHGZLWKGLIIHUHQWODVHUIOXHQFHV
6RDW-FPðWKHODVHUJHQHUDWHGVXUIDFHWH[WXUHOHDGVWRDPRUHK\GURSKRELFEHKDYLRU+LJKHUDQGVPDOOHUODVHU
IOXHQFHV JHQHUDWH PRUH K\GURSKLOLF VXUIDFH FRQGLWLRQV ,Q DGGLWLRQ WR WKH VDPSOHV RI SRO\DPLGH EXON PDWHULDO
VDPSOHVRISRO\DPLGHQDQRILEHU WLVVXHVZHUHDOVRVWXGLHGZLWKUHVSHFW WR WKHLUZHWWLQJEHKDYLRU'XHWR WKHVPDOO
VDPSOH WKLFNQHVV RI WKH QDQRILEHUV RI DERXW  P D PD[LPXP ODVHU IOXHQFH RI  -FPð FRXOG QRW EH
H[FHHGHGRWKHUZLVHWKHVDPSOHVDUHFRPSOHWHO\DEODWHG,Q)LJWKHUHVXOWVRIWKHFRQWDFWDQJOHPHDVXUHPHQWVIRU
SRO\DPLGHQDQRILEHUWLVVXHVDUHVKRZQ

)LJ,PDJHVRIWKHFRQWDFWDQJOHPHDVXUHPHQWVRISRO\DPLGHQDQRILEHUWLVVXHVSURFHVVHGZLWKGLIIHUHQWODVHUIOXHQFHV
)RUWKHXQWUHDWHGUHIHUHQFHVDPSOHFRQWDFWDQJOHVLQWKHUDQJHRIZHUHPHDVXUHG:LWKIOXHQFHVDERYH
WKHDEODWLRQWKUHVKROGEHWZHHQ-FPðDQG-FPðWKHFRQWDFWDQJOHVZHUHEHWZHHQ:LWKDODVHUIOXHQFH
EHORZWKHDEODWLRQWKUHVKROGRI-FPðDFRQWDFWDQJOHRIZDVPHDVXUHG'XHWRDVRDNLQJEHKDYLRURIWKH
SRO\DPLGHQDQRILEHUV WKH FRQWDFW DQJOH WHQGV WR VKULQN VRRQDIWHUGURSOHW GHSRVLWLRQ+RZHYHU WKH FRQWDFW DQJOH
OHYHOHG RXW IRU DOO PHDVXUHPHQWV LQ WKH UDQJH RI  7KLV FRUUHVSRQGV WR WKH GHWHUPLQHG FRQWDFW DQJOH RI DQ
XQWUHDWHGRUQRQDEODWHGVDPSOH)XUWKHUVWXGLHVKDYHWREHSHUIRUPHGLQRUGHUWRREWDLQDVXLWDEOHVXUIDFHVWUXFWXUH
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&RQFOXVLRQV
$EODWLRQ WKUHVKROGV IRU VLQJOH SXOVHSURFHVVLQJRI HOHFWURVSXQSRO\DPLGH QDQRILEHU WLVVXHV LQGU\ DQGZHW
VWDWH DQG- FPðZHUHGHWHUPLQHGIRUQPODVHUDEODWLRQZLWKSLFRVHFRQGSXOVHV7KHVH OHYHOVDUH
ZHOOEHORZWKHDEODWLRQ WKUHVKROGRISRO\DPLGHEXONPDWHULDO ,Q LPPHUVHGFRQGLWLRQ WKHPXOWLSXOVHDEODWLRQ
WKUHVKROGVZHUHGHWHUPLQHGSKHQRPHQRORJLFDOO\EHWZHHQDQG-FPð7KHUHVXOWVVKRZWKDWZDWHUDSSHDUVWR
LQFUHDVHWKHDEODWLRQWKUHVKROG7KHDEODWLRQRIZHWRULPPHUVHGQDQRILEHUWLVVXHVZLOOIXUWKHUEHLQYHVWLJDWHGZLWK
UHVSHFWWRGHEULVIRUPDWLRQDQGKHDWDIIHFWHG]RQHV
,Q DGGLWLRQ WR D ORZHU WKUHVKROG IOXHQFH WKH SRO\DPLGH QDQRILEHUV VKRZ D ODUJHU DEODWLRQ DUHD WKDQ WKH EXON
PDWHULDO/LJKWVFDWWHULQJDQGRSWLFDOUDGLDWLRQIURPSURGXFHGSODVPDVKRXOGEHWDNHQLQWRDFFRXQW
3URFHVVLQJRIGU\QDQRILEHUWLVVXHVZLWKXYSVODVHUUDGLDWLRQLVSRVVLEOHZLWKVPDOOKHDWDIIHFWHG]RQHVHVSHFLDOO\
DW PRGHUDWH IOXHQFHV ZLWKRXW VWURQJ GHEULV IRUPDWLRQ 7KH TXDOLW\ RI ODVHU FXWV REWDLQHG ZLWK  QP SV ODVHU
UDGLDWLRQ LV YHU\ JRRG DQG FRPSDUDEOH WR UHVXOWV REWDLQHG ZLWK IHPWRVHFRQG ODVHU VRXUFHV DW RWKHU HOHFWURVSXQ
QDQRILEHUWLVVXHV&KRLHWDO/LPHWDO
)LUVWH[SHULPHQWVRQZHWWLQJEHKDYLRUDOVRVKRZWKDWLQFHUWDLQIOXHQFHUDQJHVWKHFRQWDFWDQJOHLQFUHDVHVERWK
IRU QDQRILEHUV DQG IRU EXONPDWHULDO )XUWKHU H[SHULPHQWV ZLOO VKRZZKHWKHU LW ZLOO EH SRVVLEOH WR RSWLPL]H WKH
ZHWWLQJEHKDYLRURIWKHQDQRILEHUVIRUDSRVVLEOHFHOOFRORQL]DWLRQ
$FNQRZOHGJHPHQWV
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